Abstract
Introduction
Upsampling methods are widely exploited in image processing. For instance, image de interlacing upsamples vertically and enhances vertical resolution [1] . The demosaicking is used for color image interpolation which enhances horizontal and vertical resolution of each color components [2] . Thus the red, green and blue channels are populated and missing information is upsampled in each color channel.
The image upsampling well matches to the case where multiple inputs are anonymous [3] . In this case, the number of missing pixels to be assessed is more than the size of the existing data, estimating missing information is hard to solve [4] . For instance, if we infer missing pixels in an image by a factor of n, a pixel in the input image corresponds to n 2 unknown pixels. The super-resolution method tries to restore a high-resolution image from a low-resolution input with sub-pixel displacements [5] . Many single channel upsampling approaches have been proposed literature [6] [7] . Among them, nearest neighbor, bilinear, bicubic, triangle kernel, and Lagrangian interpolation are well known and utilized for upsampling. In this paper, we compare above methods and assess each method's performance.
In this paper, we test some upsampling filters: they are nearest neighbor, bilinear, bicubic, triangle kernel, and Lagrangian methods. These filters are known as work well and relatively fast in general, however some methods are known to be outperforming the others. Section 2 introduces details of all filters. Performance comparison is simulated in Section 3 and Section 4 finishes this paper with conclusion remarks. Figure 1 shows resulted images with downsampling and upsampling processes with bilinear filter. We used 'Pont du Gard' image as our test sequence and Figure. 
Various Image Upsampling Filters

Conventional Filters
The nearest neighbor is a method which determines intensity of missing pixel with the locally closest pixel value. Thus once the nearest neighbor method selects the value of the closest point, it ignores the other neighbor information.
Another example is bilinear filter. The bilinear interpolation method is an extension of linear interpolation for interpolating functions of two variables, a and b. 
Other example is bicubic method. The bicubic method is an extension of cubic interpolation for upsampling data points on a two dimensional regular grid. Generally speaking, bicubic method is widely selected over other methods such as bilinear interpolation or nearest neighbor due to its fair performance. However, as bicubic method considers more pixels to calculate, sometimes slow speed of bicubic method can be issued. The weight, w, of pixel position can be explained as, 
Another example is cubic spline method which is represented by polynomial functions. In interpolation problems, cubic spline is well adopted to polynomial interpolation tool due to its characteristics that avoids instability.
Lagrange Interpolation Method
Let us assume we have a set of k points on a Cartesian plane.
The interpolation polynomial in the Lagrange form can be stated as, 
Finally L(a i ) can be calculated as,
Implementation
A process of Lagrange interpolation calculation is shown in Fig. 2 , where six (a,b) point sets are provided as shown in Eq. The polynomial interpolation travels through all six control points. Each scaled basis polynomial travels through its corresponding control point. Figure 2 shows an example of Lagrange interpolation where the cubic interpolation polynomial is drawn in solid black, pixels (-9,3), (-4,-2), (-1,1), (5,4), (7,8), and (9,7) are drawn in red, green, blue, magenta, yellow, and cyan color. 
Simulation Results
This section compares objective and subjective performance on LC dataset. Figure 6 shows results on 'Cameraman' image at 126 th row and 101 to 111 th columns for four methods. As one can see, Lagrange method provided the most similar results with the original pixels. Interestingly, bilinear filter outperformed bicubic filter for these pixels. The nearest neighbor method showed the worst results for these pixels. Figures 5-7 can be tabulated in Tables 1-3. Odd numbers of tables are intensity values  while even numbers of Tables are intensity differences between original and various  methods. The last columns of even numbered Tables are absolution difference 
Visual Performance Comparison
Subjective performance comparison is tested using two LC images of LC dataset: #14 and #18 images. Figure 8 shows both original images. 
Conclusion
In this paper, we compared conventional interpolation filters such as nearest neighbor, bilinear, bicubic, triangle kernel, and Lagrangian interpolation method. Experimental results show that the Lagrangian method provided the best performance among all compared methods.
